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FIG. 1: Schematic diagram of the experiment. The 858 nm
light from the Ti:Sapphire laser is frequency doubled, then a
small portion (20 mW) of the 429 nm light is diverted to
a Tellurium saturated absorption spectrometer. The double-
pass acusto-optic modulator (AOM) in the Te
2
reference sys-
tem allows tuning the Ti:Sapphire beam frequency by about
25 MHz while locked. The remaining (200 mW) portion
of the 429 nm light is again frequency doubled to 15 mW of
214.5 nm radiation. The UV beam is then split into two parts,
each of which is frequency-shifted by AOMs and directed into
the trap.
ted against the probe beam frequency. In Fig. 2a, both
the probe and the refrigerator laser beams are on, while
for the data in Fig. 2b the refrigerator beam is turned
o. Note the telltale drop in uorescence as the probe





line in Fig. 2b caused by Doppler-heating. On the other
hand, the uorescence curve in Fig. 2a is symmetric,









ion even as the probe beam
is tuned to the blue of the resonance.
Images of the two ions at dierent lighting conditions




) is on the




) is to the right.
Both the probe and the refrigerator beams are turned
on for Fig. 3a; in Fig. 3b, only the probe beam is on,
while in Fig. 3c only the refrigerator beam is on. Note








ion in Fig. 3c from the residual uorescence from
the far-detuned beams.















. Such high refrigerator beam intensity
is necessary because of the large amount of refrigerator
ion micromotion. This signicantly Doppler-broaden the
refrigerator ion lineshape [13] and makes cooling less ef-
cient than the comparable cooling/heating of the probe
ion, which experiences little micromotion. In a linear ion
trap, where micromotion can be suppressed in all ions in
a string, the required cooling intensity would not need to
be as high.
To demonstrate that the cooling seen in Fig. 2a is not














ion into the trap, while shining both the refrigerator and
the probe beams onto the ion. The curve in Fig. 4 shows
the resulting uorescence as function of the probe laser
frequency. When tuned to the blue of the resonance,
the ion's uorescence quickly drops to zero, indicating
f (MHz)
































ion (a) with and (b) without sympathetic cooling, plotted
against the probe beam frequency detuning from resonance.
Solid lines represent ts to the data using: (a) a Voigt prole,
and (b) a Voigt shape for the below-resonance part of the data
and a straight line for above-resonance part of the data.









nated by (a) both the refrigerator and the probe beam, (b)








ion is on the right.









ion in (c) from the
residual uorescence from the far-detuned beams. The below
scale is linear in the integrated photon counts. The exposure
time is 10 s for each picture.
that the ion is heated by the probe beam; the direct
Doppler-cooling by the far-detuned refrigerator beam is
not suÆcient to keep the ion cold.
While the current experiment only investigates
Doppler cooling, quantum logic gates with trapped ions
generally require cooling to the Lamb-Dicke limit, where
the ion's spatial extent is much smaller than the opti-
cal coupling wavelength. A similar setup should enable
sympathetic cooling of Cd
+
isotopes to the Lamb-Dicke
limit using stimulated-Raman sideband cooling [14],
polarization-gradient (Sisyphus) cooling [15], or EIT
cooling [16].









The isotope shift between Cd
+
isotopes 111 and 116 is










ing radiation, assuming a background heating source is
f (MHz)





















minated by both the refrigerator and the probe beam plotted
against the probe beam frequency detuning from the reso-
nance. The solid line is a Voigt t to the data below the
resonance and a hand-drawn line above the resonance.
quenched by sideband cooling in the Lamb-Dicke limit.











=2 sets an upper limit on the cooling rate,
which itself must be at least as large as the heating
rate _n for useful sympathetic cooling. The o-resonant












' 0:02/sec for a heat-
ing rate of _n ' 10
3
/sec [6]. Under the same condi-












' 0:3 Hz, and only the uctuations of
this already small shift will cause decoherence. A simi-
lar analysis can be given for other methods of cooling.
We nd that the 5.2 GHz isotope shift appears large
enough to comfortably neglect qubit decoherence from
spontaneous emission and AC Stark shifts, while it is
small enough so that optical modulators can provide the
cooling radiation without the need for additional laser
sources.










ion. This is the rst demonstration of op-
tically addressing a single trapped ion being sympatheti-
cally cooled by an ion of a dierent species. The sympa-
thetic cooling of multiple ion species is an important step
toward scaling the trapped ion quantum computer, as it
can reduce decoherence associated with unwanted mo-
tion of trapped ions, while preserving the internal qubit
coherence. The Cd
+
system is convenient, as the sympa-
thetic cooling can be accomplished without extra lasers
and without strong focusing.
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